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Formal project-management procedures, required for
U.S. Government contract execution, provide a basis for
management ofR&D-intensive projects within AT&T.
A$19.7-million R&D contract, awarded bythe Defense
Advanced Research Projects Agency (DARPA), pro-
vided anopportunity for the gallium arsenide (GaAs) ,
integrated-circuit (Ie) project team to develop basic
project-management procedures thatextend well beyond
the realm ofgovernment-contract management. For
example, the project-management approach developed
for execution ofthe DARPA contract isdirectly applicable
to the product-realization process, toemerging quality
and productivity initiatives, and tofiscal accountability in
AT&T's strategic business units (SBUs). Baseline plan­
ning becomes the cornerstone for critical SBU projects,
and formal milestone tracking and control ensure high­
level visibility ofproject progress. Product-development
teams become customer champions for specific deliver­
ables, and the core strength ofa project-management
department emphasizes a business-like approach to the
R&D challenges ofthe 1990s.
Introduction

"Do it right the first time!" This universal goalofthe manufac­
turingindustry applies to project management as well. Weall want to
do it right the first time. That is,wewantto startwith well-defined cus­
tomerneedsand requirements, formulate the rightplan, andexecute
the defined tasks, so that "product" is delivered on time-exactly as
the customer requested. Acontract offering by the Defense Advanced
Research Projects Agency ofthe u.s. Department ofDefense (DoD)
gave an embryonic, gallium arsenide, integrated-circuits development
andmanufacturing organization the chance to do it right the first time.



In this paper, weprovide a case studyofthe
four-year DARPA contract awarded to AT&T Bell Labora­
tories in March 1987. Wefocus on our experience with
the project-management tools neededto allow the right
thingsto happen at the right time. Mostimportant, we
describe howthese tools apply, under the widely differ­
ingcircumstances inAT&Ts businessunits, to the devel­
opment and manufacture ofhigh-performance photonic
and electronic components. These management tools:
- Helped define customerneedsand requirements.
- Fosteredgood communications among teamsofdevel-

opment and manufacturing engineers.
- Increased the likelihood ofproduct delivery that con­

formed to customer expectations.
Contract execution exemplified the basicchal­

lengesofthe product-realization process, and quality
management and improvement wereessential to meet
the government's statedobjectives ofproductivity and
control. All this presenteda special challenge because
no one in the responsible AT&T organization had prior
experience with government-contract work. Thus, all
phasesofthe project had to be learned and performed
forthe first time.

In the rapid-fire developments ofthe 1990s, we
don'toften get a secondchance to do it right. So, from
this perspective, the experiences wedescribe here
should be interesting to other groupsinAT&T facing
similar challenges. (Panel 1defines acronyms and terms
used in this paper.)

Background
In this section, wedescribe the events that led

to the DARPA contractaward to AT&T Bell Laboratories
in Reading, Pennsylvania. Because the contract wasa
major force in the evolution ofAT&Ts GaAs IC technol­
ogy, wereview the highlights ofthis technology devel­
opment and showhowthe contract award became a
pivotal event. Two priorcontract awards in DARPA'S pro­
gramformed a sequence ofmilestones leading to the
award ofthis contract.

GaAs IeTechnology at ATa.T. Development and
exploitation ofGaAs IC technology are partofa compre­
hensive technology-development effort atAT&T that
derives its importance from the singular properties of
compound semiconductors. In contrastto elemental
semiconductors suchas silicon andgermanium, com­
pound semiconductor-materials offer systems designers
exciting andspecial opportunities forhigh-speed elec­
tronics and photonics. 1

Designers may selectan alloy composition from
a variety ofchemical groupIIIandgroupVelements to
meetcertain performance criteria.! (Groups IIIandV
refer to classifications ofmaterials in the Periodic Table
ofElements.) Well-known examples include the use of
various alloys ofaluminum, arsenic, gallium, indium, and
phosphorus to produce lightwave sourcesand detectors
forhigh-bit-rate lightwave-communications systems.
Likewise, high-speed electronics may be provided using
GaAs and its alloy with aluminum (AlGaAs).3

In the late 1970s, AT&T developed the technol­
ogyfor GaAs-based electronics andtransferred this tech­
nology to manufacture. The nextdecade wasmarked
with AT&Ts successful introduction ofa 1.7-Gb/s (giga­
bitsper second) lightwave-communications system that,
forthe first time, used GaAs ICs manufactured at the
Reading facility. Predictions ofrapid growth inthe indus­
try prompted AT&T to combine its GaAs R&D andmanu­
facturing effort as an independent business unit inRead­
ingwherea modem, 1O,00o-square-foot clean room was
builtto meetthe mostdemanding processing technolo­
gies. The newly formed organization also introduced
molecular-beam epitaxy (MBE) as a production system.
(MBE is an atomically exact, layer-deposition system for
creating circuit structures.") Thus, the stagewas set for
AT&Ts initiation as a DARPA contractor.

DARPA's Pilot-Line Program. DARPA is interested in
gallium arsenide formilitary applications because ofthe
higherperformance andgreater resistance to ionizing
radiation achieved with this material.5 DARPA'S program
plan includes funding forthree pilot lines, underseparate
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Panel 1. Abbreviations, Symbols, and Terms

AlGaAs - aluminum gallium arsenide
ACWP - actual costofworkperformed
ARPANET - Advanced Research Projects Agency

Network
BCWP - budgetedcost ofworkperformed
BCWS - budgetedcostofworkscheduled
CAD - computer-aided design
cv - costvariance
D-FET - depletion field-effect transistor
DARPA - Defense Advanced Research Projects Agency
DARPA/DSO - Defense Sciences Office ofthe Defense

Advanced Research Projects Agency
DoD - U.S. Department ofDefense
DX - unknown defect
E-FET - enhancement field-effect transistor
FMA - failure-mode analysis
GaAs - gallium arsenide
HFET - heterostructure field-effect transistor
IC - integrated circuit
]FET - junction field-effect transistor
LSI -large-scale integration

contracts, to DoD contractors who use gallium arsenide
circuits in their mostadvanced designs (seeTable I).
The three DARPA contracts supported andencouraged
the development ofmanufacturing capability forhigh­
performance GaAs ICs to meet the needsoffuture mili­
tarysystems. The contracts emphasized resistance to
radiation effects as a goalfor technology development,
andallthe contractors wereinstructed to use the advan­
tagesofGaAs materials to produce high-speed circuitry
that operates at lowpower.

The firstofthe pilot-line contracts was awarded
in May 1983 to Rockwell International (Newbury Park,
California) andHoneywell (Minneapolis, Minnesota),
who executed the contract as a team. In November 1984,
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matrix management - a concept whereorganizations
offunctional specialists temporarily assignpeople
to supportspecific projects

MBE - molecular-beam epitaxy
MESFET - metal semiconductor field-effect transistor
NOSC - Naval Oceans Systems Command
product-realization process- the processofbringing a

productintoexistence, from inception through
deployment to customers

RFP - requestforproposal
SARGIC - self-aligned, refractory gate, integrated circuit
SBU - AT&T strategic businessunit
SDm- selectively-doped heterostructure transistor
SEU - single-event upset
sow- statement ofwork
SQT - single quantum-well transistor
SRAM - staticrandom-access memory
Sv - schedule variance
TABS - tracking andbudgeting system
VLSI - very-large-scale integration
WBS - work-breakdown structure

the second contract was awarded to McDonnell-Douglas
(Huntington Beach, California).

The third pilot-line contract-awarded to the
AT&T team-was createdto:
- Prove manufacturing capability fordigital, GaAs inte­

grated circuits in a pilot lineset upby the contractor.
- Show high-speed, low-power, radiation-tolerant perfor­

mance ofan advanced GaAs IC technology.
- Design andbuild working circuits with 3,500 to 5,000

gates.
- Provide user-friendly design tools forcustomers ofthe

pilot line.
Clearly, the common interestsofDARPA and

AT&T stimulated our enthusiastic response inearly 1986



Table I. DARPA's Pilot Line Contracts for GaAs IC Manufacture

Pilot Line I Pilot Line II Pilot Line III
Item May 1983 November 1984 April 1987

Contractor Rockwell International McDonnell-Douglas AT&T
(subcontractor) Honeywell (Hughes Aircraft

McDonnell-Douglas)
Theme Low power, GaAs pilot line GaAs pilot line for

radiation hardness, for space-borne high-performance
GaAs LSI line memory chips components

Technology MESFET ]FET SARGIC/HFET
depletion mode optimized memory custom logic

Demonstration 16-kbSRAM, 16-kbSRAM, 4-kbSRAM,
vehicle 1Onsaccess, as before 5-ns access

11lW/bit
6k gate array - Logic circuits

for logic 200 MHz
- - User-friendly CAD

Radiation > 107 rd total dose > 1011 rd/s transient dose > 108 rd total dose
hardness test SEU immunity > 1010 rd/stransient dose

SEU immunity
Foundry Pilot line for 3-inch wafers atlOG-per-week yield to enable VLSI-circuit complexity

NOTE: For the gate array, k= 1,000; for the SRAM, kb = 1024 bits. MHz = megahertz,
11W/bit = microwatt per bit, ns = nanosecond, rd = rad, rd/s = rads per second.
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to the U.S. Government's request for proposal (RFP). The
onlyproblemwas that AT&T was"unknown" as a major
contractorfor electronics components, and no one in the
GaAs business unit knewhowto go about the business
of respondingto a RFP.

The pilot-line contract, as eventually proposed
by the AT&T team, contained numerous technical chal­
lenges.AT&T offered a complex technology requiring
extremelyprecise layer-growth controland robust wafer
processing. Withthis technology, both enhancementand
depletion type field-effect transistors (i.e., E-FETs and
D-FETs) would be producedsimultaneously on the inte­
grated circuit. At the start of the contract,the existing
device modelswere inadequate for circuitdesign, and
the manufacturing techniques required to achieve large­
scale integration (LSI) had not been tested or validated.

Many"firsts"would occurduringthe execution
ofthis contract:
- For the first time,MBE heterostructure, layer-growth

technology would be used in the manufacturing
environment. (Aheterostructure is a multilayer struc­
ture ofdissimilar alloy compositions.)

- LSI GaAs digital circuitsthat exceedcontractspeed
and performance specifications would be manufac­
tured.

- Laserrepairfor GaAs memory circuits would be
developed.

- High-speed testing [upto 400 MHz (megahertz)1
would be done.

- The first computer-simulated modelsofthe GaAs IC
technology would be realized.

AT&Ts successful bid had a contractvalue of
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A DARPA
pilot line

25

Allentown, Pennsylvania.)
- Two engineering departments inAT&T Microelec­

tronics (Reading, Pennsylvania).
- Two R&D groups at HughesAircraft (EI Segundo and

Torrance,California), a subcontractor to AT&T.
- One R&D group at McDonnell-Douglas (Huntington

Beach, California), the other AT&T subcontractor.
- Contract-administration supportgroups at AT&T Bell

Laboratories (Whippany, New Jersey) and at AT&T
FederalSystems' Advanced Technology Division
(Guilford Center, North Carolina).

Figure2 showsthe widespread participation in
this contract, including the contracting agency and
relevant associate contractors representing the U.S.
Government. The dispersion ofthese working groups
presentedsome interesting problems in communications
and management.

8

••
4 6

Term (years)

88 Figure 1. The Electronics Technology Area of AT&T Bell
Laboratories benefits from government support of many con­
tracts valued at less than $10 million each. So, the DARPA
pilot-line contract, the only one awarded at morethan $20
million with fees, is exceptional because of the manage­
ment challenges it offers. The data shown were accumu­
lated in December 1990.

$19.7 million (with fees) for a term offouryears.AsFig­
ure 1 shows, this contractbecamethe most-significant
project ofits kind in the Electronics Technology Areaof
AT&T Bell Laboratories.

In addition to the government award, AT&T
committed to share resources valued at $17 million to
bring the contract-funding total to more than $36 million.
Nearly 50engineerswould be funded, in part, duringthe
peakcontractactivity. The sponsoring organizations
included:
- EightAT&T Bell Laboratories departments represent­

ingthree divisions in the Electronics Technology
Area. (Theseorganizations are located at Murray Hill,
New Jersey, and at the CedarCrest facility in

DARPA Pilot Line III, A Case Study
In this section, wedefine the five parts ofthe life

cycle ofa typical R&D contractwith the U.S. Government:
approach, definition, planning, execution, and delivery.
The DARPA pilot-line contractservesas a model for each
phase.

We alsodescribethe challenges (both manage­
mentand technical), the management toolsused, and
most important, howour experiences with the DARPA
contractaffected other projects in the high-performance
ICbusinessunit inAT&T Microelectronics.

Management Approach. Duringthe first phase of
the project, a management structurewasestablished
within the GaAs ICorganization in Reading for project
oversightand control. Even before AT&T had bid on the
DARPA contract, the directorofthe GaAs integrated­
circuits laboratory electedto dedicate about5 percentof
his technical resources to project management. The new
project-management grouphad no directtechnical devel­
opmentor manufacturing responsibilities, but it was
empowered to manage specific projects across functional
organization lines. The existence ofthis groupwas
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Figure 2. Groups at AT&T, Hughes Aircraft, and McDonnell­
Douglas were responsible for contract execution. In addi­
tion, the AT&T project manager had to provide communIca­
tions links to associate contractors at the Mayo Foundation
in Rochester, Minnesota, and the Naval Oceans Systems
Command (NOSC) at San Diego, California; and to the con­
tracting agencies at Kirtland Air Force Base in Albuquerque,
New Mexico, and DARPA/DSO in Arlington, Virginia. Tele­
phone conferences involving key participants were used to
maintain control of the contract schedule.

AT&T Federal
Systems

Advanced Technology
Division

essential to form the core management teamforthe intri­
cate DARPA contract that was to follow.

The management concept developed forthe
government contract became useful inotherways. Indivi­
duals trained to serveas project managers become
made-to-order leadersfornumerous projects, where
matrix-management principles'' are effective. Asproject
managers, these people serveas the single point ofcon­
tactwith their customers on technical matters. They
focus on customer needsbydeciding what has to be
doneand when it's to be done. Functional supervisors
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Figure 3. The project
used a planning tech­
nique known as cards
on the wall, whereby
a network of
contract-task data
cards is attached to
the walls of the
planning-workshop
room. Because this
provided contract­
task details, missing
links were quickly
discovered and criti­
cal contract tasks
became evident.
Here, we see the
result of the planning

90 activity for the
DARPA contract.

perform a complementary role by determining how the
job is to be done and what resources are needed.

Project Definition. For government and commer­
cialcustomersalike, the prerequisite ofa successful
interaction is a clear statementofthe customer'sneeds
and requirements. Normally, this statementis provided
in the wording ofthe contractannouncement (i.e., in the
broad agency announcement or RFP). For the DARPA
pilot-line contract (Pilot Line III), the statementofwork
(sow) in the RFP wasprecise. It describedR&D activities,
packaged-eircuit specifications, test requirements, a
schedulefor delivery, cost and schedulereporting
methods, and the required interactions withother
government contractors.

Duringthe proposal-team meetings at AT&T,
the details ofteam organization, management approach,

AT&T TECHNICALJOURNAL. MARCH/APRIL 1991

and technology requirements wereformulated. Critical
to the proposal were the technology-development plan,
the costs,and the commitment fromparticipating team
membersto complete allcontracttasks. Finally, allthe
goodthings produced in the proposal-team meetings had
to be put in an acceptable proposal format. For this,we
employed a specialist consultant, Shipley Associates of
Bountiful, Utah. Obviously, this bid and proposal stra­
tegyworked. It wasespecially gratifying to be toldby
severalgovernment reviewers that the AT&T proposal
was"the best proposal they ever read."

In reality, the secret to writing a winning propo­
salwasno more than the secret to achieving customer
satisfaction by meetingallexpectations aboutthe deliver­
able; i.e., the proposal itself. We deducedfrom the RFP
whatthe customerexpected to find in the proposal, and



wepredicted howthe customerwould score competing
proposals. Besidesoffering a believable approach for
meetingallrequirements ofthe project, weemphasized
elements ofthe proposal that matched evaluation criteria
(we evenprovided a handycross-reference matrix), and
wemadesure we offered an uncommon approach that
gave proposal evaluators a reason to differentiate our
proposal from the others.Wealsomadesure that the
proposal wassensibly presentedwith respect to text for­
matting and graphics, and that it waseasyto read.

To translate the lessonslearnedfrom writing
a government-contract proposal intoways that AT&T
managers shouldapply the process, wefocus here on
the key issue: understanding exactly whatthe customer
wants; i.e., the definition ofcontractterms.

On previous projects, we treated our internal
AT&T customerscasually, and weallowed undefined
requirements to "float" until wecouldagree (usually
under considerable pressure) onwhatwasneededto
do the job.

The formalism ofgovernment contracting taught
us to concentrate on the customerspecifications for
deliverables and the schedule fordelivery as the main
ingredients ofthe project. The toolsneededfor this task
include the statementofworkand its associated work­
breakdown structure (WBS). These documents enabled
us to assignadequate resources and determine project
costs at the start of the project.

For example, weasked our internal, lightwave­
components customerinAT&T Network Systems for
a statementofworkthat described the circuits, their
specifications, and the delivery dates ofworkproposed
fora high-data-bit-rate application. This customer
thought the concept wasnovel and-at times-a waste
oftime. But the customercooperated, allowing us to help
generate the sow document that wasapproved by the
responsible department heads on both sidesofthe con­
tract. The effort wasrewarded whenthe first deliverable
date arrived with on-time delivery of GaAs rc products to
this important customer.

In later projects involving the samecustomer, a
seniormanagerin that organization askedthat a similar
approach be taken to define the workto be done. Repeat
businessis the markofa satisfied customer.

Project Planning. Mostofthe DARPA task mana­
gers wereuncomfortable with the discipline ofthe formal
planning processused for U.S. Government contracts.
Eachproject task had to be defined at the highestlevel,
usinginformation found in the sow and other contract
documents; and at the "working level," resource commit­
mentsand milestone choices had to be consistent with
the WBS and the master implementation schedule for the
entireproject. Eachtask manager had to understand the
technical capabilities ofhis or her area ofresponsibility
and had to workclosely with other task managers to
meet project schedulesestablished in the overall plan.

This approach is especially difficult for R&D pro­
jectsbecauseinvention is often neededto complete the
tasks, and contingency plans, or risk-management strate­
gies,must be used to increasethe probability ofsuccess.

The approach werecommend is a planning pro­
cedure commonly described inproject-management
courses (e.g., the course taught byH. Mooz ofthe
CenterforSystems Management, Santa Clara, Califor­
nia) as the cards-on-the-wall method. In this method, a
network diagram ofthe project is formed; and each task
in the WBS is described by inputs, outputs, and resource
requirements on a 5-inch by 7-inch card. The cardsare
tapedto a wall and interconnected with heavy yam to
showtheir interrelationships. The network chart may
then be transcribed to project-management software to
create the resourceplan neededto complete the contract
on schedule, and the formal costestimate canbe made
from the plan.

Byworking together, the task managers from
AT&T and HughesAircraft formed the complete net­
workfor the DARPA contracton the four walls ofa motel
dining roomin three days. Figure3 shows the resultof
this activity.

The mostimportant benefit ofthis planning
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Figure 4. Milestones shown In "clouds" on the Gantt chart
represent exceptional challenges to the project. These
high-risk events, known as "miracles," were focal points for
the customer and the performing team during execution of
the contract. Only three of the miracles failed to happen,
but successful completion of the contract was ensured by
alternative plans.

activity is the resolution ofpotential I forgots; e.g.,the
missing project steps or deliverables that provide con­
tinuity from one task to the next. Sometimes, important
technical issues haveto be addressed, and the beautyof
the processis that allthe people who haveinputsare at
the same place at the same time. Noone has to be called
in to provide a solution.

Weused this planning processfor the DARPA
contract, and the method is useful forcommercial work
as well. Because off-site meetings discourage interrup­
tions and absenteeism, they were essential in the busi­
ness unitfororganizing and planning technology devel­
opment, introducing quality-improvement methods, and
settingup internal-project commitments. However stress­
ful this planning processmaybe, the workperformed has
long-term benefits becausethe entireproject is reviewed
by allthose responsible for its execution.

Project Execution. Whenthe DARPA contract
started,wewereon our own becausewe,as fledging pro­
jectmanagers, suddenly becamethe specialist consul­
tants.Wewereguidedbywell-known principles:
- Be honestwith the customer.
- Communicate within the team.
- Deliver the producton time.
- Control costs.
- Stand backand let goodthingshappen.
Successdepended on our ability to do these things,
manage change, and contain risk.

The DARPA contractwasn'tsomething wecould
manage "bythe book." Duringthe off-site planning ses­
sion, wefound several key points in the project schedule
where"miracles," or high-risk accomplishments, had to

happen. To heightenawareness ofanypending crisis,
wecreateda Gantt chart (Figure 4) that showed where
these miracles were required. Wemadeno pretense
aboutour ability to solve these critical problems, and
shared our concerns with the customer. This strategy
wasbeneficial in two ways:
- It neutralized anyperception ofAT&T arrogance by

the customer.
- It eliminated surpriseas an elementin the execution

ofthis contract.
Byallowing the customerto be a participant in our
problem-solving efforts, wereceived help, at the cus­
tomer'sdirection, from DARPA contractors who werenot
involved in the Pilot Line IIIcontract.

Communications with the customer. Although the cus­
tomerhad scheduled quarterly, on-site reviews to moni­
tor the project, we established a directcommunications
linkbetween the AT&T project manager andthe DARPA
office inArlington, Virginia, so that information could be
transferred rapidly. This informal communications link
tooktwo forms: electronic mail viaARPANET, and ad hoc
meetings at the customer's premises.

Duringthe first three years ofthis contract,
morethan 600 electronic-mail messages were
exchanged. Also, wemadethe 30o-mile, round-trip drive
to Arlington (3 hours eachway) fora 1-hour meeting in
the customer's office, as required. To date, aboutten
tripshavebeen madeand, in eachcase,issuesthat could
notbe resolved by telephone or electronic mail were
resolved in person.

Wemadeevery attempt to provide whatever the
customerneededbecause, as Marshall Field (aChicago,
Illinois, retailer) saidmany yearsago," "Right or wrong,
the customeris always right."

Communications within the team. The needforcom­
munications within the teamwasequally important. With
diverse groups scatteredacrossthe country, weelected
to conducta weekly teleconference with 6 to 8 locations
representedby a total of30to 40people. Eachweek, the
agendafor the upcoming teleconference waspublished
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Figure 5. Performance metrics for the DARPA
Pilot Line III contract. (a) Contract cost and
schedule performance. The curves represent
budgeted cost of work scheduled (BCWS), bud·
geted cost of work performed (BCWP), and
actual cost of work performed (ACWP). By
assigning dollar values to contract milestones
(l.e., earned values), we can plot the data on
the same scale. At the end of fiscal December
1990, the cost variance (CV) was -0.9%, and
the schedule variance (SV) was -2.9%.
(b) Variation of project cost and schedule data
compared with ACWP and BCWS, respectively.
A positive percentage denotes favorable results;
a negative percentage means unfavorable
results. Points that fell within the shaded areas
had to be explained to the contracting agency
when they occurred. Quarterly updates enabled

94 project managers to adjust the contract focus
so that both CV and SV were eventually con­
trolled to within ±5%. The contract Is expected
to be completed on schedule with no significant
cost over- or underrun.

with the minutes ofthe previous meeting.
During the teleconference meetings, which

lasted no longerthan onehour, only project resultsand
coordination issueswerediscussed. Long, tangential dis­
cussions werediscouraged; if needed, smaller groupsof
keypersonnel wereassigned to addresscritical prob­
lemsin separate meetings. Because alltasks in the WBS
were represented, connections to allthe appropriate peo­
plecould be madeduringthe teleconference.

Inevitably, change occurs. It may resultfrom
unforeseen technical difficulties or from changing busi­
ness conditions in the contract environment. For the
DARPA contract, welostsystems-design leadership
because anothercontractor fared poorly andwas
ordered by DARPA to stopwork. This contractor was
responsible forproviding us with specifications for

circuits wewererequired to build. To meetcontract
objectives, wehad to seek inputfrom other DoD contrac­
tors to identify suitable substitutes.

Asanotherexample, weformed ad hoc teamsof
keyengineers from various taskswho were assigned to
work on particularly thornyissues. This proved to be an
effective way to makeprogresswhenthe going was
rough. Today, the concept is used effectively acrossthe
GaAs business unit.

For the DARPA project, weinstituted rigorous
changecontrol byformally defining the circuit specifica­
tionsand performance, andbydocumenting allthe pro­
cess steps (using corporate standards). Technology
enhancements wereintroduced ina controlled anddocu­
mented environment.

Under the conditions ofmatrix management,

AT&T TECHNICAL JOURNAL. MARCH/APRIL 1991



the project managermust exerciseleadership without
authority; thus, full cooperation ofthe technical organiza­
tionis requiredto keep the effort at its planned level. For
the DARPA contract, weused a time-card tracking and
budget system (TABS) that tabulated timechargesfor
everyindividual assigned to the project. (TheTABS soft­
wareis provided and maintained by the Government Pro­
gram Planning Centerat AT&T Bell Laboratories in
Whippany, New Iersey.) With TABS, the timecharges on
each Friday's timecards wereavailable to us by the end
ofthe following Tuesday, two weeksbeforethe "official"
releaseoftime-card data. Thus, without muchadditional
effort, we could detect personnel changes in timeto
preventproject delays.

Duringa four-year contract, few organizations
haveabsolute stability in personnel assignments; weare
no exception. Several task managers changedpositions,
and certainkey personnel were reassigned or leftthe
organization. These changeswereaddressed promptly,
even if it meantdoing the jobourselves. This is the
advantage ofa residentproject-management organization
whosemembershavea solid technical background.

Because matrix-managed projects dependso
muchon the project manager's ability to secure the loy­
alty and dedication ofthe team,it's important forcor­
poratemanagers to help as much as possible by clearly
"anointing" the project manageras the personin charge,
the personwhois the single pointofcontactwith the
customer. The project managerrepresents the customer
to the functional organization; and, if the goal is to do the
right thingfor the customer, the project managershould
haveno troublemarshaling supportfor the task at hand.

Cost and schedule tracking. Mostgovernment con­
tracts requiredisciplined cost andschedule tracking, and
the same techniques canbe used forcommercial pro­
jects.Every three months, DARPA-eontract task managers
provided a six-month plan ofactivities, and they assigned
a dollar value (i.e., earnedvalue) to the declared short­
term milestones. AT&T-developed software (i.e., a cost
and schedule display system) wasused to preparea

monthly administrative summary for the DARPA contract
based on reported milestone completions. (The cost and
schedule software is alsoprovided and maintained bythe
Government Program Planning Center.) Key metrics
werecalculated and monitored:
- Actual cost ofworkperformed (ACWP)
- Budgeted cost ofworkperformed (BCWP)
- Budgeted cost ofworkscheduled (BCWS).

Two metrics-eostvariance (cv) andschedule
variance (sv)-that showvariance from the targetswere
derived from the above data:

cv = BCWP - ACWP
SV = BCWP - BCWS

Figures5aand 5bshowstandardized plots ofallthe
metrics just described. It is a testimony to the perfor­
mance ofthe DARPA contract teamthat both cost and
schedule werekept under control.

Periodic reviews. The mostimportant instrument
for managing a complex project is the technical review
process. DARPA requireda quarterly review ofcontract
statusbefore a review teamoftechnical expertsrepre­
sentinga variety ofgovernment agencies and selected
independent contractors.

The formal review, a painful process, encourages
the performing organization to assess critically the
accomplishments and problems that ariseduringcon­
tract execution. To provide the highest level ofexpertise
on each topic reviewed, nonsupervisory personnel made
short presentations directly to the DARPA review team
without management interference. Eachofthe formal
reviews lastedtwo full days.

Remarkably, the reviews became an important
communication toolfor the whole organization. Live tele­
castsweremadeto a remotelocation so that people not
associated with the contract could stop infora quick
update in a particular area ofinterestwithout interrupt­
ingthe review meeting.

Following the conclusion ofeachcontract-status
review, the customer's project manager solicited critical
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Figure 6. Monetary Incentive for desired con­
tract performance was provided by the award
fee as determined by a government evaluation
team. Generally, the award exceeded 85% of the
available fee, and evaluators noted the strong
technical performance and excellent contract
management when awarding these high scores.
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feedback from the Government review teamin a closed­
doorcaucus. The feedback wassummarized and com­
municated directly to the AT&T project manager, who
issued a written report to the team and to relevant AT&T
managers. Thus, important issues raisedwere subjectto
immediate action by the team members, and progress on
these issues would be reportedat the following review.

Delivery and Rewards. The DARPA contracthas
modestproduct-delivery requirements. The essence of
the project is the demonstration ofa technology for
manufacturing high-performance components witha
largescaleof integration. The technical reach is signifi­
cant. Even though higher levels ofperformance have
been achieved, noneofthe circuits produced thus far
meets the full military specifications. Nevertheless, cus­
tomersatisfaction with project management and execu­
tion has been reasonably high.

Because this is a cost plus award fee contract, the
contracting agency, DARPA, can attacha monetary value

AT&TTECHNICAl.jOliRNAI.. MARCH/APRIl. l!lll

to contractperformance. Upto 10percentofthe contract
value is available for distribution, andthe award distribu­
tionis calculated according to a point-scoring system
determined by a DARPA-appointed, award-fee review board.
The scoring system is based on a maximum score of
100 percent, and the award is proportional to the amount
that the pointscore exceeds50percent. Figure6 shows
the historyofaward-fee distributions for the DARPA Pilot
Line IIIcontract.

The award-fee conceptdoes not necessarily
apply directly to commercial projects; however, it is
important to recognize that somebarometerofcustomer
satisfaction is a critical part ofanyproject undertaking.
Also, it is important that the project managerrecognize
howthe project customerand the corporate customer
(i.e., company management) relate to the project. Both
customersmayhavediffering requirements and metrics
for successful performance. The project managerhas to
do a balancing act to ensure their happiness as the



project unfolds.
For example, a pronounced drop in the award

fee in October1989 reflects the award-fee board's disap­
pointment in our ability to address major technical issues
that measurably slowed progress.Achange ofpriorities
within the AT&T business unitcreated a shortfall in the
resources available to resolve the technical problems.
Thus, significant stress wascreatedwhenthe "other"
customer, AT&T management, came upwitha view of
project priorities that differed fromDARPA's, the contract
customer. Our immediate responsewasa quicktrip to
Arlington to review opportunities to reconcile these
differences. Together,wefound a solution. Sixmonths
later, somecustomerconfidence wasrestored whenwe
reportedsignificant progress in the redirectedproject.

Wecannotunderestimate the importance of
the conflict between corporate (AT&T) and customer
(DARPA) interests.Here,we wereparticipating in a
DARPA programspanning more than a decadeofcon­
tract activities at a cost to the U.S. Government of
about$130 million. Whenthe contractwasawarded to
AT&T, the AT&T programingallium arsenidewasin
its infancy, and a long-term corporate planhad notyet
been defined. Asthe AT&T objectives becamebetter
understood, it becameclear that the corporate and
government views offuture businessopportunities in
gallium arsenidewerediverging.

The lessonlearnedhere is:Any contractwith
long-term influence must be totally consistentwiththe
company's plansand commitments ifmutually compati­
ble interests are expected to prevail throughoutand
beyond the contract'slife cycle. Without this compatibil­
ity, it is not advisable to seek contractsupportonlyfor
short-term gain.

The Report Card
Specific recommendations to commercial-sector

project and team managerscan be made. For example,
emergingnew-business directions emphasize quality and
productivity initiatives, product-realization programs, and

fiscal accountability. Common to allthese are certainfun­
damentals ofa project-management discipline wehave
described here. Ifa definitive workstatementexists, then
baseline planning becomesthe cornerstone forcritical
projects, and formal milestone trackingand control ensure
high-level visibility for project progress.

Product-development teamsare customercham­
pions for specific deliverables, andan independent
project-management department serves as an "honest
broker" in resolving conflict or by representing the cus­
tomeras tactical decisions are beingmade. For the GaAs
businessunit inAT&T Microelectronics, project man­
agementoffers a business-like approach to the R&D chal­
lengesofthe 1990s.
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